The treatment of acute empyema.-This is such a big subject that it is not possible in a short introductory talk to do more than discuss briefly a few features. I have therefore chosen for consideration what I think are fundamentals.
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(1) What is an empyema?-The very wide ignorance of what constitutes an empyema and the looseness of thought and definition that result are the chief cause of many of the differences of opinion expressed about treatment.
An empyema should be defined as a localized collection of pus in the pleura; it-is a mature abscess, the end-result of an acute suppurative process. In the early stages there is an acute pleurisy that proceeds to sero-purulent effusion; this seropurulent effusion matures, the pus thickens, thickened pleural exudate and limiting adhesions develop (unless the empyema is total) until finally an abscess is formed. In the earlier formative stages the sero-purulent fluid is thin and if left in a containQr will sediment out to give a layer of clear supernatant serous fluid above a deposit of pus. As the process matures the proportion of purulent deposit increases until finally there is little or no supernatant clear fluid. To describe the earlier formative stages of the acute suppurative pleurisy as an empyema is just as wrong as to describe the early stages of an acute septic cellulitis as an abscess before a localized collection of pus has formed. No one would question the fundamental importance of paying attention to the stages of development of an acute septic cellulitis in discussing treatment. It is no less fundamental to consider the stage of development of the suppurative pleurisy in discussing the treatment of "empyema." In discussing the treatment of a mature empyema, we must also discuss the treatment of the earlier acutely infected pleura. The term empyema should cease to be used as synonymous with the whole process of septic pleural infection and should be reserved for the mature condition or residual abscess which results.
This failure to understand the pathology of pleural infection is responsible for much of the confused thought and advice that has reappeared with the introduction of chemotherapy, and notably of penicillin. The effect, and indeed the success or Rpwr _59Tm(r. 1 failure, of penicillin will be greatly influenced by the stage of evolution of the pleural suppuration. Its exhibition in the early "cellulitic" phase is more likely to be followed by successful control of the process than in the later stages when there is an abscess with thick pus, walls covered with tough exudate and often fibrin clots or purulent masses lying in the cavity. This should be self-evident and yet from many published accounts it is clear that the authors have not realized it.
The great benefits of penicillin therapy are so obvious that they need no emphasis, though it must not be forgotten that penicillin does one thing and one thing only-it kills certain bacteria provided always it can get to them. It can control or sterilize a bacterial battlefield in the body. On the other hand it is not a scavenger, it cannot clear up the battlefield. The body resources must serve this function, but there are times when the correction of the secondary mechanical effects of infection is too much for the bodily resources. That is why surgeons are still needed; that is why penicillin, although a great friend and a strong weapon, will never replace the surgeon. When mechanical derangements remain his help is needed. To delay or to withhold surgical help to clear up the battlefield is to harm the patient; at the least increasing the morbidity of his illness and often causing his death.
(2) The.fundamentals of treatment of pleural infection.-(A) Assessment of the correct time for drainage; (B) provision of adequate drainage; (C) institution of proper physical treatment; (D) decision as to the correct time to stop drainage.
(A) The correct time for drainage: A great deal follows logically from what has already been said about pathology. In the early formative stages of pleural suppuration drainage is both unnecessary and dangerous: unnecessary because with proper management by aspiration and chemotherapy (i.e. penicillin) it may be possible to achieve resolution without abscess formation. It is in this phase that the methods of penicillin therapy described by Fatti and Florey (1946) are most likely to be successful. It may be dangerous because, as was so ably pointed out by Graham as a result of study of the high mortality of pleural suppuration in the influenza epidemic of 1917 and 1918, the patient is often suffering not only from pleural infection but from one or several other serious infective processes as well. He may be almost overwhelmed by a severe invasive infection with pneumonia, septicaemia, pericarditis, &c. If this pleural effusion, by virtue of its gross mechanical presence, is allowed to dominate the clinical and therapeutic picture and it is drained too early, then the patient may be unable to withstand the extra mechanical strain thrown upon him and he may die. It is true that the dangers of draining a diffuse suppurative pleurisy in which no limiting adhesions have formed may be minimized or even avoided by some form of closed intercostal drainage. The method still remains a dangerous one, for in these very patients in whom the danger is greatest and the margin of safety is very small, the powers of tissue reaction are so low and enfeebled that the tissues seem to melt away around the tube and in a short time an open sucking wound is caused. Even if the patient survives premature drainage he is often left with a total empyema which, if not treated skilfully, will lead to long or even permanent invalidism and great physical deformity.
Space does not allow full discussion of the criteria of assessment of the correct time for drainage, but it must suffice to say that it is essential to consider carefully the stage of evolution of the pleural process. Features which must be especially considered are: (i) The age of the patient; children under 5 and more particularly infants and toddlers with a pleural infection are often suffering from a severe invasive infection and great caution must be exercised.
(ii) The occurrence in an epidemic of influenzal type.
(iii) An illness complicating measles or whooping-cough.
(iv) A streptococcal or staphylococcal infection.
(v) The duration of the pleuro-pulmonary process; it is rare for maturation to occur in less than two to three weeks.
(vi) The gravity of the illness; a patient who is profoundly ill or has recently been profoundly ill needs very careful assessment.
(vii) When the temperature chart is of the remittent or sustained type indicating an invasive infection rather than the swinging septic type of mature suppuration.
(viii) The character of the aspirated fluid. The proportions of sediment and supernatant fluid are often a good guide to the stage of the pleural illness.
Finally it must be stressed that drainage of an empyema is never an emergency unless there is a bronchial fistula big enough to produce a risk of flooding the lungs. It is, of course, always desirable to drain pus as soon as its presence is recognized, but it is not a true emergency. If there is any doubt as to maturation of the process it is always safer to delay for a few days and to relieve symptoms by aspiration or by intercostal drainage. Thorough and repeated aspiration is an essential part of the management of the formative phase for even if it does not achieve cure of the pleural suppuration it should at any-rate result in a smaller residual empyema that will heal correspondingly more quickly.
(B) The provision of adequate drainage: Once more it must be stressed that much of the difference of opinion about the success of simple aspiration or of intercostal drainage as opposed to rib-resection arises from failure to appreciate the importance of the stage of the illness in which each method is used. Many of the cures of "empyema" by aspiration are really cures of early pleural infection. It is much less likely that a mature or nearly mature empyema can be cured by aspiration alone, simply because of the adverse mechanical factors present in the thick exudate, rigid or partly rigid walls and massive fibrin clots. Conversely, drainage by rib-resection in the early stages is not only unwise but dangerous. It is the failure of recognition of this that still leads to statements that rib-resection is very dangerous in infants and should not be done. The margin for error in them is small and a too-early ribresection will often kill. On the other hand my experience is that a mature empyema in an infant demands drainage by rib-resection just as much as in an adult.
Aspiration and intercostal drainage, so valuable as temporary measures, can never function satisfactorily when fibrin masses are present, and to persist in their use not only prolongs the patient's illness unnecessarily but also exposes him to the grave risk of a chronic empyema. We are always seeing new suggestions or reading descriptions of complicated apparatus, the object of which is to suck pus out through a small hole rather than let it come out freely through a larger hole. The advocates of these hole-in-the-corner methods should remember that rib-resection is needed for proper pleural toilet as well as for the insertion of an adequate drainage tube. The exposure that rib-resection alone can give is essential for certain and rapid healing in almost all cases of mature empyema.
Not only must the drainage hole be big enough but it must be in the right place if drainage is to be sufficient and the siting of the hole must always be carefully considered. It is a sound plan to introduce lipiodol and air at the time of aspiration of pus and then to take radiographs in postero-anterior and lateral planes in order to delineate the upper and lower extent and the shape of the cavity. In a typical posterior basal empyema drainage should be (a) in the paravertebral gutter just lateral to the angle of the rib, (b) not lower than the 9th rib as otherwise the drainage track may be shut off as the diaphragm rises during healing. 9 647 (C) Physical treatment: An empyema is but an abscess in a special site and like an abscess anywhere else in the body depends for its healing, once adequate drainage has been provided, on approximation of its walls. One object of adequate drainage is, of course, to allow this approximation to proceed unchecked. Delay in instituting adequate drainage by persisting in aspiration too long, results in greater thickening of the walls and the process of approximation is either greatly prolonged or completely prevented. In an abscess elsewhere the walls usually fall together concentrically but this must be avoided at all costs in empyema. The obliteration of the empyema should be achieved by expansion of the lung and not by falling in of the chest wall and displacement of the mediastinum and diaphragm. Indeed the rapidity of expansion of the lung is directly influenced by preventing the chest wall and diaphragm from becoming rigid and contracted and by promoting their movement and thus their expansile action. To this end, therefore, early and meticulous physical treatment is fundamental.
Physical treatment consists of four parts: (a) General exercises to improve general muscular and bodily tone. (b) Arm and shoulder movements to prevent stiffness.
(c) Postural supervision to prevent scoliosis. (d) Breathing exercises to prevent fixation of the ribs and diaphragm and to ensure early and rapid expansion of the lung. A patient, far from suffering diminution of respiratory function after an empyema, should actually improve it if proper physical exercises are given. The modern breathing exercises are simple, and are directed towards maximum concentration on the affected zone without great and unnecessary expenditure of energy as in the older exercises. Properly taught and graded they are no strain even to a very ill patient immediately after operation. All the attendants must see that the patient practises them regularly throughout the day and not just when the masseuse comes. Five minutes every hour should be the slogan.
It follows, also, that the treatment of an empyema should be ambulatory. Many patients are kept in bed as long as the drainage tube is retained. This is quite wrong; unless there is some contra-indication on medical grounds the patient should be got up within a few days of operation.
(D) When to stop drainage: Fortunately it is now far less common to see the drainage tube removed in an empiric or arbitrary time, such as two weeks. There is only one safe time to remove the drainage tube and that is when a cavity can no longer be demonstrated to exist in the pleura. If the tube is removed before this, then there is great risk of a chronic empyema following. Too early removal of the tube is indeed the commonest cause of chronicity of an empyema. There are many important practical details in connexion with the management of the tube. The interest of the surgeon inexperienced in empyema will be greatest immediately after operation and become less and less as the days or weeks pass by; very often after a few weeks his interest is nil and he leaves the management of the important phase of removal of the drainage tube to someone else. The surgeon experienced in empyema knows that his personal interest in the case must increase as the days pass by.
Decortication in the treatment of acute empyema.-Perhaps the-most important thing we have learnt in chest surgery from the war is the great success that can follow early evacuation of clot and decortication of the lung in an infected haemothorax. A patient gravely ill with a chest full of breaking-down infected clot, often with a heavy mixed and foul anaerobic infection, if treated by aspiration or by drainage alone either dies or drifts into chronicity. If treated by open thoracotomy and decortication of the lung, and if the expansion of the lung is maintained by continuous pleural suction, these patients get well and can be completely healed in two to three weeks and are left with a virtually normal chest. The operation is a severe one but is well tolerated if performed with simultaneous blood transfusion.
It is necessary to consider whether this method could, with advantage, be applied to acute empyema in civil life. I think we have much to learn about this but at present I would say that if a case of pleural suppuration is conducted correctly in the formative stage and a relatively small residual empyema results, it is best treated on the orthodox lines described above. Open thoracotomy and decortication would seem to be unnecessarily severe and to introduce too big a risk, especially as many empyema patients have only just recovered from a severe and often debilitating illness. On the other hand cases occur in which a large, possibly multilocular, and perhaps neglected empyema is present. Simple drainage by rib-resection may mean many weeks or even months of drainage and great care must be expended in the manipulations of the tube, &c. I am sure that open thoracotomy and decortication in these patients offers much. It can give healing almost by primary intention, or at the worst will leave a small simple pocket to be drained.
I have been unable to do more than refer briefly to the big question of chronic empyema. It has been truly said that the best treatment of chronic empyema is not to let it occur. We should remember that if an uncomplicated acute empyema is treated carefully upon the simple and fundamental lines laid down above healing should be steady and progressive to complete cure. This complete cure can only be attained when the lung has been completely expanded to fill the whole of the cavity, and the visceral and parietal pleure are firmly fused together. At any moment in the course of healing it is possible for some quite simple fault to slow up or stop this natural and steady process. The fault may occur only too easily; it may be, for instance, that the drainage tube is incorrectly placed or incorrectly or unwisely adjusted or not adjusted-at all. As a result the patient is placed in danger of developing or actually develops a chronic empyema. Simple and constant care and attention will prevent this, and if we appreciate that this is so we shall spare ourselves a great deal of anxiety and our patients much unnecessary suffering. It is realized that chemotherapy, in pArticular penicillin, can achieve good results in diffuse and early infection, but that its use in a local pleural abscess is open to definite limitations. Penicillin can certainly sterilize many of these abscesses, but it cannot obliterate the actual cavity, and persistence with it beyond a certain stage increases the liability to formation of a chronic thick-walled dead space.
To continue the story of treat ment of the localized empyema after drainage, it is necessary to consider a method of closure of this cavity. In ordinary circumstances abscesses with soft walls, once they have been drained, close in steadily, but in the case of an empyema the outer wall is rigid, and in any case should not be allowed to collapse inwards. The underlying lung must be encouraged to expand outwards and make contact with the chest wall-but in such a way that the closure is complete and occurs without pocketing. When the fibrin-coated parietal and visceral pleural layers are in apposition, the empyema space may be regarded as healed, not before.
The deposit of fibrin on the cavity walls plays also a great role in the healing process. If there is any delay in correct handling, this fibrin organizes into firm cicatrizing tissue, which is laid down in greater thickness on the chest wall side than on the lung, but in both cases it is a powerful deterrent to obliteration of the cavity, and is an important factor in the formation of the chronic empyema dead space.
Parietal fibrosis results in pulling down of the ribs and their approximation with resultant scoliosis. The actual shape also alters, becoming triangular instead of flat, and it can be understood that full functional restoration is only possible if there have been no structural or skeletal changes.
The prevention of the chronic empyema lies therefore in two main factors: (1) The maintenance of adequate drainage until the cavity is obliterated, and (2) breathing exercises and physical treatment to encourage the lung to re-expand and restore respiratory function.
Breathing exercises are absolutely essential. They are based on active, powerful and concentrated inspiratory efforts. The movement of the chest wall itself is a very good index to lung function, and if the chest wall can be made to move freely it can be assumed that underlying lung expansion is good. These inspiratory exercises require a voluntary control of an area of the chest wall. This is operated by working against pressure of the physiotherapist's hand, and later the pressure is given by the patient himself. The exercises can be started from the very onset of the condition and carried out with increasing vigour day by day. They must be done regularly for five or ten minutes every hour, and with the utmost concentration.
At the same time there is no need to maintain patients in bed once their general condition permits movement. More general physical exercises become possible, and can be worked up in classes. The use of webbing belts to help the breathing exercises has been found valuable, and, as an adjunct, regular measurement of the vital capacity and a general competitive spirit are a considerable stimulus. The patient by the time of closure of the cavity should not only have as good a respiratory function as the normal individual it should be better. The other factor is the handling of the tube and closure of the cavity. Obliteration may take place uniformly and speedily, but uneven expansion may lead to "bottle necks" and a number of unusual shapes. The correctly placed tube lies so that cavity drainage is always possible, and after the first day or two the amount of discharge from that tube should be minimal. Free drainage suggests that a dependent or unrecognized pocket will have to be dealt with. It is not possible to visualize actually what is happening through the chest wall, so we have to depend upon other methods to gauge the healing process of the empyema. A gloved finger or soft bougie is sometimes useful, but we have come to depend on radiography and the use of contrast media-in other words, the pleurogram. Two-plane radiographs are taken after the cavity has been filled with a radio-opaque oil (incidentally barium emulsion is permissible if there is no bronchial fistula). Pleurograms should be made when the outline of the cavity cannot be visualized on the ordinary radiograph, and should then be repeated at regular intervals, say ten or fourteen days, until complete closure is obtained, and after each pleurogram has been made the tube adjustment can be safely considered. A "bottle neck" easily forms if the tube is not through the full thickness of the chest wall, or if the basal expansion occurs more readily than that of the apex. In such a case the tube would have to be lengthened, so that its open end lies within a short distance of that of the apex of the pocket. In other cases a dependent arm or limb may require secondary drainage to ensure its healing, and a rapid axillary expansion may leave a "horse-shoe" or "circular" form of track whose closure has to be carefully watched.
The actual handling of the tube must be regarded as an important technical exercise. Any alteration in the position, length or size of the tube must b e most carefully studied.
The old teaching of removing a tube each day for boiling, and then replacing it was one of the most productive causes of chronic empyema. Sooner or later the original tube could not be replaced, and a smaller one was inserted, and so on, until a pinpoint sinus was left to drain large spaces.
If the sinus becomes unduly small a laminaria or sea-tangle tent can be used, and the swelling of this may in twenty-four hours enlarge a narrow opening to an appreciable extent.
It has already been mentioned that, if the tube is kept too short, the thickening parietal pleura may grow over the internal opening. Similarly, too long a tube may impinge on the lung and lead to ulceration. The maintaining of a tube of adequate bore is, of course, essential, and the standard method of using a safety-pin and narrow length -of strapping for holding the tube in position on the chest wall should be adopted as a routine. A simple corset dressing over one or two thicknesses of gauze is all that should be needed to cover the tube. Elaborate dressings or many-tailed bandages should never be employed.
The decision as to the time of tube removal is actually simple. No empyema -cavity must remain, and the only opening should be a narrow track through the chest wall. It is possible when closure is obviously nearly complete to replace the wide -tube by one of smaller bore just before the final removal.
The bacteriology of the discharges should be examined at intervals. It is realized that extensive drainage leads to secondary infection in spite of all precautions that may be taken with dressings, and the most common organisms encountered in this respect are Ps. pyocyaneus and B.proteus. On culture these act as "spreaders" and may mask a more harmful pathogenic organism. If selective cultures can be obtained, an organism responsive to chemotherapy may be encountered. We have not found that antiseptic or antibiotic substances in paste or cream form have had any direct local benefit, though their systemic use has been valuable.
Irrigation was at one time in considerable favour, but when a careful pleural toilet has been made its value is limited, and it is moreover dangerous in the presence of a bronchopleural fistula, when the irrigating fluid might easily enter the lung.
The presence of a bronchopleural fistula is easily recognized on a pleurogram, and is a common occurrence during the course of empyema treatment. It is, however, of little importance unless of considerable size, or dependent for its origin on some additional pathological factor such as new growth or tuberculosis. These fistulh may delay healing to a small extent, but ultimately heal spontaneously under the ordinary process of drainage and gradual closure of the empyema cavity.
Chronic empyema is too large a subject to be discussed in any detail, though its most common cause, namely poor handling of the acute phase, has been mentioned.
The treatment is basically the same: active inspiratory exercises for lung reexpansion plus adequate and controlled drainage. I have not done a thoracoplasty or extensive operation on any chronic empyema for the past eight years, though some patients have taken a year or eighteen months to heal. A limited small operation in the form of local muscle graft may hasten the Iinal closure, but in the non-tuberculous cases I have not found major surgery necessary, so long as enough time is given to adequate conservative treatment.
During the period of healing the general condition of the patient should not be ignored. A secondary anemia is a very common finding and may require blood transfusion. The estimate of blood proteins may also show a.low figure, which should be countered by a high protein intake, possibly with some of the more palatable casein hydrolysates, and at regular intervals a complete assessment of the patient's general condition as well as the local lesion should be made.
A tragic complication is the occurrence in a small proportion of cases of cerebral abscess. This does not occur in the acute stages, but in the more chronic ones. If there is any secondary hzemorrhage, the patient should be put at complete rest, and if there are any complaints of headache or dizziness these should be investigated immediately.
In conclusion, it should be realized that chronic empyema is a severe and distressing disability which in the majority of cases is occasioned by mishandling of the acute phase. [March 5, 1947] The Packing of Abdominal Incisions in Peritonitis By IVOR LEWIS, M.S. ONE night five years ago I was operating on a bad perforated appendix and was just closing the peritoneum when the patient collapsed. Fearing a death on the table I packed the wound with gauze, stuck some strapping over it and got the patient back to bed. To my surprise he recovered and was discharged four weeks later with his wound neatly healed. This incident prompted me to try the method again in cases of foul peritonitis. I had, from time to time, seen claims made for packing the abdominal wall in peritonitis-but had dismissed them as cranky and dangerous. In 1929 Garlock advocated leaving the wound wide open, occasionally putting a few sutures in the peritoneum, and in 264 cases reported only 6% incisional hernias compared with 15% by Bartlett, who sutured such wounds in the same hospital. Gamble and later Coller have also commended the practice. Gradually I came to use the method quite often as the cases healed well and smoothly.
Description of procedure.-Where there is offensive or thick pus the abdomen is drained and the abdominal incision packed. My incision of choice for appendicitis is McBurney's. For drainage a suprapubic stab wound is made and a ribbed rubber drain used. The peritoneum, together with available extraperitoneal tissue and transversalis fibres, is firmly sutured with a continuous catgut, in such a way that the suture line is watertight. Vaseline gauze is then laid in the wound lightly and three strips of strapping placed firmly across it. A separate dressing is placed over the drain, and the operation is over. Silk or cotton is to be avoided, but I have used fine nylon in many of the cases-with trouble from a sinus only once. Lately I have also used silkworm gut-the ends threaded over buttons on each side of the wound. The suture can then be removed at the end of a fortnight. The wound is not touched for five days. It is then re-dressed on alternate days. At the end of a week it is a deep gutter lined by clean granulation tissue, exuding a little pus. At the end of a fortnight it is a narrow chink, and in three weeks it is a linear wound flush with the skin and largely healed over.
After-treatment.-Normal "clean stitch" appendicitis cases I like to get up on the first day. These septic cases, however, have been kept in bed for three weeks, mainly because they are ill, not because of the abdominal wound. (Mere getting
